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(57) Hft] 

©«f», -£©*ttfc«fc*^tf>©9ifr«L&tM!!£ 
t <Dm it %mmi£n&M#mtfito z^yyj > a 



A 




^#«3e^©>C ^ ^ mix 5 S»it SrSte^/* fc ttSmt 5 n ^ 

[W*fi5] aije*«&tf*ip«if;6K */^nywi:««i-c?*>3, ft 
[ft** 6] 8i£*«fttfsipiHfc^ «/»k«««-c*>«, 1***5 
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t^ffitr J; o r»« Snfc t ro-Cfc 5 , it*fi 9 coS#: 0 

1 1 ] s#as^ 5 , * lt ^ ^.;vt>mmnmt 

#54.7° ©«#4£r*-f?K ft*3Sl0«£f* o 

9 ~ 1 1 <D V ^-f 3 ©Sf*„ 

ftT^S, «*If l~12«Vvfi-l^-0(DSft 0 
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[«Mi9] ms6<omwNr&7fii^5 nmt*3bi. m^mi8<Dm# a 
imvx 20] (D&mzttwtzmfemmtK mw±mLMw\z& 

dM-afc»t::Mfc*tr, W*S l ~2l©vvffta»-o©»fc > 

[ft*il2 3] -o*fcf±*ix«±«)-f^v^^^i^*«j&ft:ro-o* 

4*, 

m<<> z^x 
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*f^ir &*h, 5 JgH©S»fi *jBSXi5/4 fc ttESr 5 r t ^ £ 

[it *ii 24] *fg £ ftfcaMfc-c£*u6 =3 >- 7 ^ ^ g >%m±L-t 5 

^v^^^«^©sij£mtttcgfcffi^#£, 3t?L*fe 
2 6] o^fc^sfrt-asissffiAs^ix-eix* a ©a»ia 

^LT-oifctt^^WJ:©afi^-r^>5 L -Y^;v^ffi5tfr©'>^< 
H-o £ * 5 JMf >5\ ^ ^ fc (±«»© ^ a- ^ 

fi^tUiU:©Sij5£SfI t -of fctt-tixK _h©SPSS t (Dm I^H©Sftii& 

[»*ii2 7] mm\ &*<z>$mKts^x. %-&mn&xffi-&m& 
£©»R**rifch,5** y T*©«nt*^s*5a»^tp, »**23~25© 
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[0 0 0 1] 

fa mtmzttms&QnmwmsGmimnj *^**As<Dwa&m&mw 
mi^*ww&\zmmziiz'*y*f'!r y >ytm^n 5 fc#>©s£e©-??p-e 
tfT?rtiaotsw#< Hire # 5 , ro±54/W7y 

[0 0 0 2] 

flf©^ y 3-&im L-t LTS{i@5t*f4=-e r <ZV x v ^©^ ^ ^ ^ *^«:fl* 
■f-SfcftO— jK^JST-ff 1 ^ Ttt, *-T— (Neher) , If ^ >" (Sakmann) &tf 
v^'r-f 9 (Steinback) ttiot "The Extracellular Patch Clamp, A 

Method for Resolving Currents Through Individual Open Channels In Biolo 
gical Membranes " , Pflueger Arch. 375; 219-278, 1978 ^©fE^SfB^ft 
TV>5„ Tir^^y^(ACh) 5r#tft°-<^ h?rffi«II^ffil-jf Lo 

WSfc, ACh l-J;oT«ttfb$tifc^^-v^^^/w©MH!-fiHLT««^^ 

ffigt (10~50M £2) AS, ^•r^A'Wffigi (10GO) te#LT##lz:ffi^i:^5* 

»cj;o-cffib©w9S}4ftiji5g$tLfco £<ov-^a»&£T5*«*Wtt j t0>safi; 

KEJfcWU ^L-CC©$t#f4, ACh ^^.fc'Jfca^y^^^^^ffiV^^ 
^^^/u^«ti5«?S^?^lft^i-5©^+^i-^:t^o/Co *fcr^!i, £ 



[0 0 0 3] 

Mfc, #7^f^-7h©M»« (fire-polishing) Xlffc^y hrt«B©K§l 
tioT, »JiS*ffit©MiC#^(cKv« (1-100 G £2) ^tt5^/V«r 

lib. *LTmt>©iS*Srff 5rt^t?f S«£E«lfflSr*L.<ia:^:L.fc 0 ^© 

K fc4Sflif&ftfc. ^V-A'KoV^-C«)J:9»U^RHtt, O.P. Hamill, A 
. Marty, E. Neher, B. Sakmann &; F.J. Sigworth: Improved patch-clamp tech 
niques for high resolution current recordings from cells and cell-free m 
embrane patches, Pfluegers Arch. 391, 85-110, 1981^f>#-5 r t ^T't 5„ 

[0 0 0 4] 

2llfW^t©a^*^V^^tln^5fc»l!:iBIWS (saline composit 
ion)*SE*.5^i:ft*Er. 
[0 0 0 5] 
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[0 0 0 6] 

«^tftf<y hrtSr«ffLTBi**Sri:trJ;oT#5ni:as-et5o 
[0 0 0 7] 

[0 0 0 8] 

mif±, HEKA Elektronik tfc»(0EPC-9 Jite^^if»tiPte^'Rffl©Sf5iH^ 

5o stem, ««^^^-w*rati5-er^p^«ffi:L-c^ijffl-et 

[0 0 0 9] 



5„ 

[0 0 10] 
[0 0 1 1 ] 

it#KXu*®y>myLZz. ttioTjgffl^^So i«lftt«»ty^o£« 

[0 0 12] 
[0 0 13] 

*H#rF^5, 187, 096 ^(Rensselaer) ii, Sfc-f ^ t £ 

v\ 

[0 0 14] 

H^#trWll^lflm98/54294^(Leland Stanford) (4, ««5"J*^tf5'x^Sr 



[0 0 15] 

SK#ira«^Jg99/66329-^(Cenes) fit, e>*lfc?:n 

A'Riwt««pt!:Ejtsnfc#?L** s r5aE**iii^f-*. ^©»m, 

»»J^3 yy 4 y u-*y 3 v£#3fc*fc, EM#*fcttft*W^ScK «t o T 
[0 0 16] 

B^fl : WK&HlSS99/31503<Vogeie>) B\ £{* ( + tP7) iKD^/McBB 
[0 0 17] 

ffim*tcteMjfamicR&&mfrhw,xmmm%4kftTi^ assays 
MRxmm^ tot, »na«<ss«)>r *y^***$^ffim&ttm<oxmtizn 

, K»IS^7 l A(c < to-CfcfcP } $nyi:AAil**©S*-CH:*<^ ±!3©I&»a» 
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[0 0 18] 
[0 0 19] 

, a^, 150 5 u^ywNaciifcB:«i©as*s[©gsiE*^»a4:Jf 

[0 0 2 0] 

i 5 -r a- y ©sffii- j; o t *n b to n ^mm 5 c t 1 5 mmx h 
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[0 0 2 1] 

•-■ o*fcttJtnK±ro«ffiK*+yr«ftttl&u rco^ yrffiii 

±B(rjmmmmt ±.m(ommmmt ©wfciHi3S&-©a*££ffiu % lt 
±M(D^-(DmM^^<Dmm^h\AM^. r©j&. r©s&-©a«£as. 

+ «Kg#fc r ©^©^ffi&fcwWfcff&WfEfti'-A'&^r-t-S t © 

t a - 1 i o r , k %n £ n ■< * ^ * * t 

It 

^*/v*m*i z> * =©««&« fc imn-t s^t^ -e 

[0 0 2 2] 
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©«tt, «^.tf«i*iBtp«WfcK:*sv^ri«*««gi:s^-/w /v) fcj&jfc 

Tffi!lS-f 5 rtms. £ © ± 5 ««ft^a^»»ttH:, ±&Ws-Mz i. 
[0 0 2 3] 

£-e&s„ {fib, ^#G-©«£KH:, it)fiv*-etlfit LTf^ 

3. 

[0 0 2 4] 

mmmm t ©m t-a©^ - nimm.^* tmmmm t mmmm t 

5S^±ia-»©$-©«{£M^w*&tf'»rU ^tblcioT^^-^-y^;^ 

[0 0 2 5] 

tt©ai5£«s i * t> fiv % , mmm'g. t ©seams k t ir * o -c t> 

[0 0 2 6] 

in J; o TMftftSB t ©m&WS&fefciat LM#c £ *itv ^ 3 y7 ^ it u-i ^ a vii 

^KStL "±|RI# (upwardly)" ^B1"5 =t 5 K:E«S*fCV^ 3 V7 >f 
[0 0 2 7] 
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[0 0 2 8] 
[0 0 2 9] 

•¥ ^ 09 x. im <o A Jr > =f- \ * tuttimitmSi 1t\M*i'<J-*r*;v 

[0 0 3 0] 
[0 0 3 1] 
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y^;v«!ft^ffit5ri:iaotli^5„ »t£ft^ >- 7 r ^ ^ y 

[0 0 3 2] 

sues* («r, mmt^o) ^m^um^^mm^nmmxm 

t^s-Ct, th-©5*>©3iEW s 0 2A~2Cj£^;*;h,, LtElc 

SU©«}^ gl3A~3D2fctJ«4A~4BK:«^$ix5o ^^©tl«©jiW4 
fCT3£K.U^V l/y ^ (R) , feSVMlBe, Mg, Ca, B , Al, Ga, Ge, N . P 

-/^F-eF-tv^Lfc^'j mnztzmm*. ^^mxmm 

VyVT, CR) , *fcf4Be, Mg, Ca, B , Al, Ga, Ge, N , P , AsWlf 
[0 0 3 3] 
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±<Dim t. V % ±Z V \R*-C*»r b 5£13 &=fr LT V vr t> £ ^ r £ 

[0 0 3 4] 

si 2 ©Hacaajw-rofcosr^an-ra^fifettsviriBisif s„ bi 2 aw2b 14 

*KEl2C©*^tt©/hKB&^tPt>©T?&3 0 #3SW©a£fhS©^i^ 0 
3A&U«6 0#flg0Tt«TtSiHi-S. 
[0 0 3 5] 

n t £ «t o TS#:|gffiJit^ $ }x£ 0 SfriXlKr ©t^ LTfdl©Sffi ± 

, i) isi* wsatstsm 2)^/^7? !i y^M3) i— ir- 
r^u— >a^fe^tp] ; itmmmm mr*. D^jift^*s(APcvD) 

#f(spin coating and growth techniques) &rfflV' k T<&'t~ a s T?# £>„ H— 
©7>ft-C-«t45)4V ^SttWffSr^ y ^ ^ ^ir £ o T 5 „ r tl b 

L^U ^J^iife^tt^ h 'J ^^C^)/^^-V<0$Df5I^2)g|553 S •-e&oTt)iV^ 

[0 0 3 6] 

««RUW/RftfP5fc»K:tt, &*©vM^-©*S©£fcl;iffi»g|$©-S3£ 



*^K:j:or««i63t^83fct«ejS20*^i-5. i 9 ft#*«5«iS«©fc» 

tf±, (soi^) mmxm.0 ^tms„ ^fcgycD^mtLT, ws- 

SHU lyf^iti. WPK *ffittfctt£*©Ji**<0*3It»±fc: 

&JSas»5o rroapre, *roS#»0 7Ki^i-J;5li:*"J, *«>(R, Sffiirg 

[0 0 3 7] 

L^U S-a-tioTfl, g|3 AteTp-f <t 5t-, SS^i^fctttMi©^- 

y^7 7^-Sr»^t>*Tffl^TffM-t-5o r©ifekttWH'i, HUES* 

0 2 Ate, ro±5 4IKo«iiflt*t. 
[0 0 3 8] 

[0 0 3 9] 
[0 0 4 0] 
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©AgClJl28iiS«24© ±mmm £ ft, ^tltc £ o TAgCl*s**fcffc $ ft 5 £ fc ^ 
[0 0 4 1] 

►> at? y t«£ ± 9 #«ittffi-r s - 1 ^ffi^-r s. 

[0 0 4 2] 

El3D!4, BJ3Ct^lC.J;5 (cfM*i^/h£ ft * * *fc*fcfi3 ftfcHfc 
IL'l4»»40^safi^a:# $ ftt ^ 5 „ 

[0 0 4 3] 

gag£ft5„ ^0 5r*/KOltiBB:, !S5^^iWJfi2S:BB-f-5«9li:«-i*l|3^7 
[0 0 4 4] 

£ft§ 0 ^^l-ioT^©^zc;wS;tFiiK(4)l41ll«^^ffM1-?>o ENAir^ 
£ft3£5f~, «/£*fI16{i, ±fa©T^-f L ^*fcliii?S©fi< !-*#:©fi® 

[0 0 4 5] 



f-%l:^iifiJffl£H1\ *ur«*3isrfntf, B4©RfB±. iso ° 0|g£*fc 

[0 0 4 6] 

B4Ali*lfc9x*ii, *©]Ittfc?L30fcW-J-*SJSW!*B&©S 

*-e&5o ^W^S|ro±^ra^^T'fe5„ i©^*CO_hffi(D^i$ii2X54.7 0 
•e&9, ?^J¥dS2350 -650 nn -?*>•}, * LT £ »^§£»Igg]S<D«4awi4 

[0 0 4 7] 

• *w yfy^:±o r±iE<7)^^a lt nmmnu^^ v^-v 

?T5o rtL}c£<9, 54.7° <D9»*1ci-&&mm*tt&. 
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• m mmm %m 5 it * 1 1 » m ®?ifisio 2 & $ -a-, :ow/9 3^i 
r-tz. ^£±5, 54.7° <Dgm*mr*&mm*ftz. ^yf-fftt* 

©:/EHr*fi, ?LortlBlctSi0 2 ft^S*Sfc»?LMt/hS*S. rftfct 
, ?L«rW-r«Si0 2 J«©«!l««j3eSttT?*>5. (iiTiiSi0 2 ) li, j§£ 

[0 0 4 8] 
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[0 0 4 9] 
[0 0 5 0] 
[0 0 5 1] 

fc*©ffi£>a»©^g£«#L#3 b ^ o r t tas-CfeSo KRa ^ 
[0 0 5 2] 

g]2A-m, iiaroifi^, **±ti»*tt«*26xtm7kttSMti4Sr3eaif s 

©*ISP«TflHH <SftT^<5»#-tt:, 

«fl6ft#1-5»o*»«)SWftl4ft^*, ^LT£fc, 
[0 0 5 3] 

B2Bi:*tSfli±m ^>77^^yHt *ff*iB±{!:»«$n 
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[0 0 5 4] 

0 2Cii, usttftEH&isfcftvv affi-c«fcnfcSfr*^-t-o 

»^V7 7 ^ >^ ^ hit, S^«KW/«S*»o«JirtBl7*afi*«D±ffitc«i 

[0 0 5 5] 

i 5 ft gWfc(;:S«£e«-t- 5 r t , fflflat J; o r«v $ n ft $ ©« 

[0 0 5 6] 

giT©*"fe©5*j«— otioTiP*.btl/5o »*LV^«»-oi?i±, f*l^ 

f+S^IHtL<{±t^ S /^^y^(pipetting) -77,fAiaoT^OMi 
3y7r-fWyM:Mt5rt^^5 8 4>^^^y VfV *s9—*>-y K 

iftli^^iyh (R) 7 V V* • y KftifcDv'^xA^ffiM-rsrt^ 

-C*a 0 ttw^fttt, nQUAD K3l*W-»^E«*fcH:^J|(0«ff*S^i-5«)K: 

$ ft fcttro & fc * 5 f ^< yy-jy 97*4 * 7? 3 0 £ fcttw^ 

a77r^7^h ^i#?«&0«£{it-f 5„ S«N*3fet)«K:*T?jp*.5l«f- 
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[0 0 5 7] 

A, IP^^a^ffi^v-^^Adnicroliquid handling system) trL^^JMTt 
*V^*55o m~mmUn (M2C) Sr. Kfny7 7 ^^yh^oM 

f^srtis-cr*, r©»^, 7P-^t**Bi»47* by y^77^so! 

[0 0 5 8] 
[0 0 5 9] 

iiaoT> il«©IMi**A»b^5^f:«ST?**. ^©t£«tt, «*.tf "ion 
Channel Reconstitution" , Christopher Miller, Plenum 1986, p. 577 Mf£L 



-23- 



[0 0 6 0] 
[0 0 6 1 ] 

^sicj;oTfT^5„ jst, swans a^4S«#^y*i:^*ics« 

[0 0 6 2] 
[0 0 6 3] 

fllOlB«lc*sv^l±, (pack) LT*^iB±T»*S***ff.6IB 

[0 0 6 4] 
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H4 Aic^-fmmic&^xYt, -$Mm t ¥(o—oi^tz.\-i : tfi&,iL(Dmu2 

/v^rJfM-TSo -»3 : #v'-/W4, if© £ 5 ft^T-%&5 r. £ Mi 

[0 0 6 5] 
[0 0 6 6] 

SfcfS. m*SM^18(4Sf*;Ji»^20(No. 1-9) »?ijm;:«M£tK r©§i 

(2) -Ptt, ^UlymnX m?iJ£SM U «iS^»i47 K k y (3 
) KWISS&S^N (No. 1-9) g^NiI¥ti8, 1-fcfr*>8&£ 

No.04:«)|Blldin*.fonfc«ffi-C©1t«taSL.(4) , tLtti*5WV-A'S 
*tfca»£5a»&fll'*5fc*fc:, : t<Djg.&W9,M I threshold iJt«i-5(5) . ¥ 
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So 

[0 0 6 7] 

rtfc-ets (^wfiSiES) o ^jWfaiws*fT5fc«>«)i(Bjiartsi5^roit53>'^^ 
^i^weltik rttio-ctf^s. mmantLfrXbt^ mfcvm 

£EftR^/V^tje§LTS*(capacitative)Si(E^/<-r^^S*{rJi# (^:« 
flWitSdnV ~V)&U«6K^W(u~iiisec) £it*:,&;0«fi < f>®V v © 

c) flgcoSil^ ig?Ltt#?K («*.tf, w^^fytfcsry^^ry^B^ 



[0 0 6 8] 

fflE$^fcSSfeK>*>^HWJfaSr?iJffl-cf#5 0 Sic, ©SUSS, flua 

[0 0 6 9] 
[0 0 7 0] 

[0 0 7 1] 

r t is-ef So «{u@£SiJ£^ilLfc^» i 5 ft^Tf!§ft0Sg»-o 
[0 0 7 2] 

«{fcll£ai£roifra-B: % «&ffll*<7M ^-v^id^^^/Kr J; oT«n5l«tt 
, WCBpa-mA (tfary^r-io " 12 a) <z\ £tt C£ 

?«) *>6>asE«i^©wit<oswi?fetfcfe'f. 
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[S3] a~d}4, ^mm^m^m^fmm^mmmmm^L, 9^ 

[04] Aft, «^fcttAXIf^»i-S/cfc»«e^1-5g|5&^^ 
Bi4, ACDlfig»Jpffig|^1- 0 

[0 5 ] nfrmtw<ommz£<>xw?i*iitimvi5m®-?b?>o 

[07] mm*, mtfuswji 9 ^ i*i#^MLfci^5 
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[B2C] 





Fig. 3B 




Fig. 3C 



2 28 2 24 
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[B3D] 



Fig. 3D 



[04A] 




[14B] 
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[@5] 




[81 7] 



(1) 



n = 1-3 



m = 1-3 



(2) 



TO*&£#*l<©ife5£ N= (n-1) x3+m 



(3) 



(4) 



(6) NSr'JXMCftDAS 




-34- 



[JlffiH] ¥j$l 3^1 2M 2 4 0 (2001. 12. 24) 
1 ] 

1 1 SB-»Sffi^ 3 SBr cosset WtJWi 

m $ tu&tf n b <d mzmmim a. b^fc m k , t ± 5 -r * v © 
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[»**2] K§i*-r5fc*©^*sj|^s^$jxT^"). 

«©fci6©gBH (electrical wiring) -Sr^tf, ft* * 1 »Sft„ 

[ft**3] 3W^Sixfc*Mfc©iSB©rt«iJac9rfr»§l u :W:±ot: 
TV ^5, ff**l £/cfi2«Sf*„ 

[«**4] ss^^^^ipxffiflffcior^s^fcfcro-e&a, ft* 
il l - 3 rovvf ftfl" — 3»Sflc 0 

^/^^^^^Vnir^^^tf^tioTffM^tbfcfccO-efc?,, ft**l~ 
4©v^-f^x^)i — :>©3&ffc„ 

[f»*ii6 ] mi<otmtfmft<om-<omm&±.imt:rfL\.xmmistix 

V^5, »*if l~5«^T^-o«£f* 0 

[ft** 7 ] aMfc©?!!^* < t h 9 fi©SMfeSr^tp. ft** 6 ©2ft„ 

[ft** s ] w\femmRtfm~mmmiK o 4*w 3 . ft 

** 1 ~ 7 ©V vf tlfr— O<D&# 0 

[ft** 9 ] wmmmRifmmmmiiK m/mtmmmxh^ . ft** s 

[!t**l 0] »*ttWWco^-coS^***ffi(-*fci4^©±^^, 
^©||-©Jii4*fr*ffi©-SBL/Hf if** 1 ~ 9 CV>fM>-oC« 

Wo 

[it**i 1] — o*fctttnK±«>iwft*, iis^-oatcio-ca^ 

^^Tv^/ ^ ev^Sfr*ffiro5*>©-a5wrt«KKitbtlTv^s, ft**io©»£ 0 
[ff**i 2] *ff«pn:*-cat»*o±BJIS-«)*ffi«l!:S«S*Lfc5'* 
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[«M13] 7t h 3 y^77^Ayf^^VDt^^ 

[tt*iii5] mwwmii^M(D^^;v(Dmmm^m.^x\^, it* 

[ft** 17] 3MfcKi:l8tt5j||}tSffias, i***ffiK^A' l HSt1-'<*« 

wn&G+&. tt**i7«sfr 0 
zii-tz. «*iii7»sfr 0 

[ft *If 2 1 ] iiSg(D«Kf^£^ i ~ 5 „ mffcS, ffsftll 1 C0Sfr o 
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m^m-nwrn^m^mnM t tws u ^ttr ©jg-©*^*w^ 
±e#ifc. 

ft»as, #*<o*BSnfcl^K:^iW-5aS1Mifc*Jp1t«4:«)IWK, -«© 

«tiau * u-c±ia»z:©it«as3fs«)BHit)H*.5ftK±e«)-si«)*- 



%3ftvg&££5S5 r t &-£tr, ft ;£Jg25©2f)£ 0 
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